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®YHKIMOHAJIBHAA MOJEJIb ATANITHBHOK MAPINPYTH3ANMN 
KOMBHHYPOBAHHOLO THITA 


OGecneyeHHe cBoeBpeMeHHOCTH H JOCTOBEPHOCTH JOCTABKH NOsb30BaTEBCKUX MaHHBIX, 9)- 
(PeKTHBHOCTb HCIOMb3OBaHHA TIPOMeCCOpHBIX, Oy(epHbIX pecypcoB HM pecypcos IponycKHOH cro- 
COOHOCTH, & TakWKE NPOH3BOAHTENbHOCTb CeTH B WesIOM BO MHOFOM OMpeslesAIOTCA KAYeCTBOM pe- 
WeHHA MapuIpyTHBIx 3anay. Wx pemenue mpon3BouHTca MyTeM pacueTa ONTMMAJIBHBIX B paMKax 
BbIOpaHHbIX KPHTEpHEB MaPIIPYTHBIX TaOsM, OCHOBY KOTOPBIX COCTAaBJIAIOT MapIpyTHBIe mepe- 
MCHHBIe, OlpejeIAIOMIHe, B CBOIO OYepeb, CTeMeHb 3arPyKEHHOCTH TpakTOB Ilepeyaun ceTH pas- 
HOaTpeCHBIMH aOOHEHTCKAMH WIM TpaH3HTHbIMH TpapuKamu. OOprmHo MapwpyTHasd Tabnuua NIA 
L-O y3la KOMMYTallMH TIpeACTaBIAeTCA B Be COOTBETCTBYIOLIEi MATPHIIbI 


M, =|0',| i, j,RaLNG# ji, 


k ve ea 
rye @; ,- ROMA mponycKHOH cnocoOHOCTH TpakTa Nepenayn (i, /), HCMOUb3yeMad WA Tepenaun 


aHHBIX OT 1 -FO y31a KOMMYTALMH K k -My y3ily. 

B 3aBHCHMOCTU OT MeCTa H cliocoba pacueTa MapIUpyTHbIX TaOJIMU, a TakxKe OT CTeNMeHM UC- 
TOUb30BAHHA HHPOPMAaLMH O COCTOAHHA CeTH MeTOAbI MapUIPyTH3aHH MoOApasyeAIOTCA Ha cTa- 
THYECKHE, KBASHCTATHYCCKHE UM ayalTHBHBle (puc. 1). 


AnroputMb! y 
MapLupyTu3saynn 
I 
| Cmamuyeckue ( 


CraTuueckad MaplwpyTH3ayHA MpesmonaraeT MCHONb30BaHHe Ha KaKIOM MapLIpyTH3aTope 
TIIC mukcupopaHHbix MapUIpyTHbIX TaOMHU, COCTABJIAeMBbIX Ha 9TANe MpOeCKTMPOBaHHA CeTH Ha 
OCHOBe HHopMalIuH O ee CTPyKType, MpoNnycKHOH CNOCOOHOCTH KaHasIOB CBA3H, a TaK2KE allpHop- 
HbIX J@HHBbIX O cpeHel 3arpy3ke OTeJIbHBIX HallpaBlleHHi ceTH. AITOpHTMBI (IIPOTOKOJIbI) CTaTH- 
YeCKOH MaplIpyTH3alMM MpOcTEI B MpakTHYecKON peaM3alMH HW OPHEHTMpOBaHb! Ha MPHMeHeHHe 
B C€TAX C HEBBICOKOM JMHAMUKOM M3MeHeHHa cocrosHHaA ceTH. IIpumepom noyoOHoro peuieHHa 
CHYKUT MpoTokon MapuipytH3aunu ITSP (Interim Interswitch Signaling Protocol), HamenWMii cBoe 
ripuMeHenne B ceTax ATM. 

Kpa3vcTaTHueckand MapllipyTH3alina oOnamaeT CyINeCTBeHHO OObWeH CTeNeHbIO alanTupye- 
MOCTH, Nompa3yMeBas epHoAM4eCKylO MOJMUKAaHIO MapLIpPyTHBIX TaOJMI C yHeTOM H3MeHsIO- 
IWMXCH yCAOBHH dyHKUMOHMpOBaHHA ceTH. KBa3HcTaTHuecKHe asITOpHTMBI IyTeM MOcseAOBaTelIb- 
HBIX HTepanit oOecneuuBaroT MaplipyTH3amMI0 B TKC npv HeH3BeCTHBIX, HO (PHKCHPOBAHHBIX 
HHTC€HCHBHOCTAX BXOJHbIX NOTOKOB. KayecrBo MapllipyTH3alHu B ITOM Cllyyae OIPeeMAeTCA CKO- 
POCTbIO H3M€HCHUA HHTCHCHBHOCTeH BXONHBIX MOTOKOB H TWepHOOM MepepacuetTa MaplpyTHBIXx 
Ta6IMu. 

AnanTHBHad MaplipyTH3auua Woupa3syMeBaeT MOCTOAHHBIM KOHTpONb COCTOAHMA CeTH HM Xa- 
PaKTepHCTHK BXOQHBIX MOTOKOB HM OOecHeYMBaeT NOCTOAHHYIO KOPpeKIMIO MapLIPyTHEIX TaOJHI B 
COOTBETCTBHM C H3MeCHEHHAMM cocToaHHa ceTu. pu 9ToM ocruraeTca HaMsyubee KayeCTBO pe- 
WIeCHWA MapUIPyTHBIX 3aad. OnHako pealM3allua agalITHBHOK CTpaTeruu MapllIpyTH3allMu Tpebyer 
llepeqjauH B paMKax Ce€TH MaKCHMA@JIbHOYO IO cpaBHeHH!O C ApyrHMH mogzxo7aMv oObema cryxKe6- 


[oes as 
Kea3zucmamuyeckue 


1 
Adanmusubie 


Puc. | 
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HOH MHPopMauMH O ee cocTosHHU. B cBoIo OYepeb KayecTBO aMaNTMBHO Maptlipyru3aluu onpe- 
NENACTCA NONHOTOH HW OCTOBEpHOCTBWO Tako uNtpopMaruu. [TpotoKonbt OSPF (Open Short Patch 
First) u PNNI (Private Network-to-Network Interface) kak npefcTaBvTenM aanTHBHbIx pelieHnit 
MapUIpyTHBIX 3a[a4 B HaCTOAIIee BPEMA LIMPOKO HCIIONS3YIOTCA, COOTBETCTBEHHO, B MACUITAOHBIX 
IP- « ATM-cerax . 

CoBpeMeHHBIe TesIeKOMMYHHKaLHOHHBIe CHCTEMbI XapaKTepH3yIOTCH BbICOKHM JJMHaMu3MOM 
NpOTekawllero B CETH Mpolecca HHPOPMallHOHHOTO OOMEHA, CTOXACTHYHBIM MOCTYMICHHeEM MOIb- 
30BaTCIbCKHX 3alIpocoB Ha OOcyKMBaHHe, YTO MpHBOANT K HEOOXOAMMOCTH OMepaTuBHOrO OT- 
CUe@KHBAaHMA COCTOAHHA CeTH (3arpy3Ka Oydepos O4epeyH, TpakTOB Nepeyayn UHopMallMH, OLeH- 
Ka HHTCHCHBHOCTH aOOHeHTCKOH Harpy3kH H Op.). Pewienue sToii BaxkHOCTS 3aqa4M NpeqMonaraet 
NOMCK KOMIVICKCHOrO NOyxoga B OONACTH KOMOMHMpOBAaHHBIX peWleHHit NO ONTHMH3AallHH poec- 
COB MapIlpyTH3aljHH HHPOpMalHOHHEIX MOTOKOB B TKC, ciocoOHpIx oGecneyHTb WOJPKHBI ypo- 
BeHb ajlallTal[wH B 34BHCMMOCTH OT 3ajJaBaeMBIX TpeOOBaHHit K KayecTBY IIpoleccosn HHopMallu- 
OHHOrO OOMeHa, OObeMy WupKyIUpyrollet cryxeOHOK MHMOpMALIMH 4H T.2.. 

CyoxKHOCTh MOCTABNeCHHBIX 34a JMKTyeT HEOOXOAMMOCTS IIPHMeHeHHA AIA UX pellleHHa We- 
NOCTHOTO MosxoNa, Oa3Mpyrolleroca Ha UCHONL3OBAHMH CHCTEMbI MAaTeEMaTHYeCKHX MOseNneH. Aze- 
KBaTHO ONMCaTb TpaHciopTHy!o mogcuctemy (TIIC) c cucTemoyloruyecKHx Mo3HUMK MOXKHO C I0- 
MOWIbIO Che qyIOuleH CHCTEMbI MATeEMAaTHUECKHX MOeNeH: 

- CTpyKTypHOoH MoyeuH, onMcbIBalowlel Tonooru1 TKC, KouM4ecTBO H B3aMMOCBHA3b ec 
3IEMCHTOB; 

- QYHKUHOHAIBHOH Mozemn, oTOOpakatoulei Mpolecchl HHMopmMallMoHHOrO oOMeHa HU 
YIpaBsIeHHA B CeTH; 

- WHOpMallHoHHOH MOJeIM, OMpeseaulel xapakrep Nepeyapaembix cooOuleHHii, Hx 
THI, IPHOPUTeTHOCTh MH KaYecTBO MIpeOCTaBJIAeMBbIX YCIYr. 

CrpyKTypHyl0 MOfellb Kak pe3yNbTAT MOPHOMOrMyecKOroO ONHCaHHA TpaHCnoprHom MoAcHc- 
TeEMBbI MOXKHO MIpeACTAaBHTb B BHC OPHEHTHPOBaHHOTO B3BeWeHHOrO rpada /'(R,L), rye MHOxKe- 


CTBO BepuIHH R= {R; }, (i= LN) COCTaBIIAIOT MapuIpyTu3atophl, a N - oOulee MX KOMMUECTBO B 
THC; L= {L; j t, (i, j= 1,N3i # j) — MHOKECTBO YT, MOJeCIMPYIOWMX WHpoBble TpakTe! Mepe- 


Aayw HHDPOpMallHu MexKAY MapwIpyTH3aTopamn TTIC. 

Bricokuit JHHaMv3M TpolleccoB MHPoOpMalMOHHOrO OOMeHAa HM yUpaBeHHA, MpOTeKaloulHXx B 
CeTH, OMpeyenxeT HEOOXOAMMOCTh ayeKBaTHOrO PyHkKWMOHaIbHOrO onMcaHHA TIIC rompKxo Ha oc- 
HOBe COOTBETCTBYIOWWMX JHHAMHYECKHX MOJeeH, Ip pa3spaboTKe KOTOPBIX MOXKET ObITb HCHOJIb- 
30BaH alilapat MubiepenyMaibHslx WIM pa3HOCTHLIX ypaBAAeMbIX ypaBHeHUuA cocTosHHA [1,2]. 
Ucnomp30BaHve WHaMMYeCKHX MOeeH cilyKHT HEOOXOAHMBIM YCIOBHeEM peanH3allHu 000K 
CTpaTerwM MapIUpyTH3allMH — C OHO CTOPOHLI, pacuiMpad OOmacTh MpHMeHeHMA CTaTHYeCKO 
MaplIpyTH3allHH, a C Qpyro, onpaBAbiBad 3aTpaTbI Ha MCIOMb30BaHHe aalITHBHOH. AWalTHBHbIH 
XapaKTep MaplUIpyTH3allMH NO3BOIIACT JOCTHYb MaKCHMA@IbHOU NpOH3BOAUTeEBHOCTHU CeTH, Tpebys, 
B CBOIO OYepeb, CYWIeCCTBEHHEIX 3aTpaT BPCMCHHBIX, almapaTHbIX U APyrHX CeTeBbIX PeCYPCoB. 
Tem He MeHEe, BO3MOXKHBI CHTYAalMH, Kora NONOOHbIN NOAXO] H3HaaJIbHO pe3yIbTaTHBHbIM B CH- 
iy pia IpH4HH CTaHOBUTCA HeEIPMeKTHBHIM, HallpHMep, BCNEACTBHeE CHWWKEHHA AHHAMMKM T0- 
cTyMaolleH Harpy3Ku, PHOCTaHOBKH pa3IM4YHOrO pola AecTaOwIM3HpyIollero BO3TeHCTBHA, CBA- 
3aHHOYLO C BLIXOJOM M3 CTOA Pa3sNMUHbIX WiemeHTOB TIIC. MostTomy OMOHUTeILHEIM TpeOoBaHH- 
eM K JHHaMH4ECKON PYHKUMOHANIbHOM MOEN ABIAeTCA HEOOXORHMOCTh ObecriedeHHA yueTAa BO3- 
MOKHOCTH peain3allMH B paMkax eyMHoH TIC pasnM4HEIx MaplIpyTHBIX CTpaTerui. 

Jia COBMECTHOM peanH3allHH B CeTH CTATHYECKON UM aanTHBHOH MapuIpyTH3allMu Ha KaxKIOM 
i-M MaplIpyTH3aTope Wellecoo6pa3HO MMeTb OTHOCHTEJIbHO TOCTOAHHY1O CTaTH4eCKy!O MaplpyT- 


Hyto TaOnuuy Mi” = la’ i| KM MepHoquuecku OOHOBNAeMYIO AHHAMH4ecCKyloO MapUIpyTHyto Tabnuly 


M ‘ = |! i(k). rye a}, u?, (k) - qo0u MporycKHoH cnocoOHoctTu TpaKta Gl ., BbIJeNeHHble Tpa- 
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puxy c ampecom R,; B MOMeHT BpeMeHH ft, M TpaXTyeMbIe B JanbHeilleM, COOTBeETCTBeEHHO, Kak 


CTaTHeckhe M MHaMMuecKHe MaplUIpyTuble Mepemenusle. IIpu som pesyIbTHpytoulas Mapupyr- 
Has TaOnnua M, =Mi" +M?. 


B culy npuBeyCHHEIX BbIIUe TpeOoBaHHi AMHaMMKy HHPOpMalHOHHOrO OOMeHa MOoKHO Mped- 


CTaBHTb B BHJe CCAYIOUeH CHCTEMbI HeEAaBTOHOMHBIX ypaBHeHul 3arpy3ku Oydepos oyeperelt va 
Maplipytusatopax TTIC: 


N N 
x (kt) =x, ,(K)- Ya}, +x, (+ Yai, +x, (k)- 
g=l r=] 


gti r#i,] 
N N (i) 
~ 31d, (eu) (ke) + Xb, Ck) ud, (k) + y, (Bs 
f=l m=), 
(#i m#i,j 


rye b,,,(k) =c,,,(k)- At-(1- Win 3 Yi, p(k) = Gi, j(k)- At; k=0,1,2...5 At =tp4) —tp; x;, j(k) - 06b- 
€M J@HHBbIX, HaXOAAIMAXCA Ha MaplipyTH3aTope R; v NpeqHa3HayeHHbIXx WA Nepewqay MaplupyTH- 
3aropy R; B MOMeHT BpeMeHM ¢,, TpakTyeMbIii B AalbHeiemM Kak IlepeMeHHaa COCTOAHMA, 
c;, ;(k)- CKopocTb Nepeqaum WaHHbIx OT MapuIpyTu3aTopa Rj K MapuIpyTH3aTopy Rj; B MOMeHT 
Bpemenu t, 8 tpaxte (i, j); w°” ~ noma nponycKHo# cnoco6uocTu Tpakta (i, j), BEIeneHHas nA 
peamM3aluH cTaTH4ecKoH Mapuipyru3aunn; C; ij) ~ MHTCHCHBHOCTb NOCTYIMIeHHA JaHHbIxX Ha 


MapuipyTH3aTop Rj B MOMeHT BpeMeHH ft, c apecatoM Rj; oT Nonb3oBaTeneii cerH; At — nepHog 


mepepacueTa MapUlIpyTHbIx MepeMeHHBIX. 

Ha nepeMeHHble COCTOAHHA H MapUIpyTHble MepeMeHHble C Lebo UpesoTspalllenua mepe- 
rpy3kH 3ieMeHToB TIIC mMoxerT OpiTb HasloxKeH pA OrpannueHHi. Bauay OrpaHH4eHHOCTH BesH- 
4HHbI Gyheposw ovepezeh Ha Mapuipyrusatopax TIIC, na repeMeHHbie COCTOAHMA HakabIBAalOTCA 
MMHHMaKCHble OrTpaHHuenHa Bua 


O< x; j(k) Sx, (2) 


roe xi""* — emKocts 6yepa oyepeq ANA TpaduKos c anpecatom Rj Ha Kommyratope R;. 


BcneyqctBue OrpaHH4eHHOCTH MponycKHblx chocoOHocTeH UMdpoBbIx TpakTOB Mlepeqaun Ha Map- 
IPyTHble HepeMeHHbie HaklabIBAaeTCA CMCTeEMa OFpaHHeHHuH Bua 


O<ai,(k), (3) 
Dak) Swi <1, (4) 
n=], 

0suj(k), (5) 
N 
Duk) s wir), (6) 


n=l, 
nF 


re (1-wf7")- ona mponyckHoii crocoOHoctm TpaKTa aa BbINeMCHHAA Ila peanv3allMu ayali- 


THBHOK MaplipyTH3alHu. 
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C tWenbio onMcaHisa JMHaMMKU WHopMalMoHHoro o6MeHa B TIIC 8 yenoM ocymecTBHM Te- 
pexo OT CkasIApHOM CHCTeMBI ypaBHeHHi (1), oTparxkalollMX JMHAaMMKy OTENbHBIX O4eperel Ha 
MaplIpyTu3aTopax CeTH, K €€ BEKTOPHO-MaTpHUHOMY IIpeycTaBsIeHHIO 


X(k +1) = A-X(k)+ Bk) -U(kK)+Y(k), (7) 


rye A- MaTpHua cTaTH4ecKOH MapllupyTu3alMu pas3MepHoctu N-(N-1)xN-(N—-1) , guaro- 
N-} 
HaJIbHbI€ 3JIEMCHTbI KOTOPOM MO2KHO TipesCcTaBuTb Kak A, = 1— Sa’ .> POPMHpyeMas Ha OCHOBA- 


g=l 
RFL 


HHH cTaTH¥ecKoH = MaplupyTHOH TaOnausr 8M" = |ai, | KaKHOTO  MapllpyTH3aTopa; 


X(k) = Seis (He) ins NOE), as pane (k) |’ - BEKTOp 3arpy3KH Oy@epHbIx ycTpolicTs Ha MaplupyTH3a- 
TOpax TpaHCMOpTHOM MOCHCTeEMbI B MOMeCHT BpemeHH ft, pa3MepHocTu N-(N-1); 


U(k) = [Ure (k) ns yl |" BEKTOp a{alTHBHOH MaplipyTH3alHH pa3MepHOCTH 


“ee s 
N-(N ~1)°, KOMNOHEHTEI KOTOpOrO TpezcraBAAoT Cobo MHHAMM4eCKHe MapllipyTHble MepemeH- 
HbI€, B COOTBETCTBHM C KOTOpBIMH B TIIC peanu3yeTca mpolecc alanTHBHOM MapiIpyTHM3alHu B 
MOMEHT BpeMeHH 1, ; B(k)- MaTpulla NPOIyCKHBIX CMOCOOHOCTeM TpakTOB M@KY MapLUIpyTH3aToO- 


pamu TIIC B MomMeHT BpemMeHH ft, pa3MepHoctu N-(N-1)xN-(N lye, a ee IIeMeHTbI POpMH- 


pylotcd B Bude sMHeMHEIX KoMOMHaHH =D; jth). HCXOMA M3 BbipaKenua (1); 


Y(k)= [12 Dneoes Yi TOnenes Yn wh) | - BEKTOP MOIb3OBaTCIbCKOM Harpy3KH Ha MaplUpyTH3aTo- 


par TIIC B MomMeHT BpeMeHH ft, pa3sMepHocTu N -(N ~}). 


C MOMOLMbIO MpoBeAeHHOTO PYHKUMOHAIbHOrO omMcaHHA TIIC yaanocb ycnewHo dopmanu- 
30BaTb MPOWMecchl CTATHYCCKOH MH aaNTHBHOM MaplIpyTH3allHW Ha OCHOBe HX KOMOMHALIAH B paM- 
Kax pa3pa6oTaHHOH MaTemMaTH4ecKoH MOseIH. ITO cTaNo BO3MOXKHBIM IyTeM BBEAeHHA MaTpuy 
cTaTH4ecKOH MapuipyTH3ayHM A M BeKTopa ajanTHBHOH MapwipyTH3auMA U . B cBa3v c TeM, 4TO 
HepeJKO COBEpIeCHCTBOBaHHe TOH HIM MHOK MOJeIM Np OTMeYaeMBIX JOCTOMHCTBAX COIPOBOX- 
WaeTCA CYWCCTBCHHBIM YCJIOMHEHHEM ee WAIbHeHWero MCCIeAOBAHHA, NOMOHYM TIpPHBeeHHbIe 
BbIKIa{KH IpHMepoM, NOATBepKTaloOlwluM WerecooOpa3HOCTL NpoBeyeHHOM MoAMpUKanMH. 

Bo3MOxXHOCTb IIpHMeHeHHA pa3spaboTaHHOH MOyeIH pacCMOTpHM Ha NpuMepe peleHHsA ol- 
THMH3alHOHHOHM 3aa4n HaxO*KeHHA THHAMHYECKHX MAPIIPYTHBIX WepCMeCHHBIX, HCMONb3yA B ka~- 
yecTBe eeBOTO PYHKUMOHaNA 


v 


1=3[x(k)-O, Xk) +U7 (b)-O, UK) > min, (8) 
k=0 

rye Oy — QHaronaibHad HEOTPHUaTebHO ONpeseueHHad BECOBaA MaTpHlla, OlpemeusemMaa MIpH- 
OPHTETHOCTBIO OYepejeH Ha KOMMyTaTopax TIIC; OQ; — qvaroHalbHad HEOTpHUAaTebHO ONnpeye- 


neHHad BeCOBad MaTpHlla, ONpeeAeMad BaxKHOCTHIO WHPOBLIX TpakTOB NepeyqayH AaHHBIX B 
THC; v- konwuectBo unteppanos Af, WA KOTOPBIX OCYIIECTBIIACTCA PacdeT MaPLUPYTHBIX Ilepe- 
MeHHBIX. 

Tlogo6uaa dopmMynHposka dyHKuHoHata (8) MO3BONAeCT OMCHHTh CYMMapHBle aliMapaTHbie 
3aTpaTbI MapLUpyTu3aTOPOB M0 3arpy3ke GytbepHEIxX ycTpocTB H 3aTpaTbI TpakTos mepenaun TTIC, 
CBA3QHHBIX C 3arpy3KOH HX MIpOMycKHbIX cHocoOHOCcTeH Ha MPOTMKEHHM WHKIa ONTHMH3alAu 
Tea=v-At. 

Takum 06pa30M 3afaua HaxOKJeCHHA J[MHAaMMYECKHX M@PUIPYTHBIX TlepeMeHHbIX CBOMTCA K 
pellleHHio ONTHMM3aNMOHHOU 3aqa4yH 10 MHHUMM3alluM BeKTOpHoro PyHKWHOHaa (8) C yyeTOM 
MHaMMyeckHx OrpaHvyeHHii (7), a TaloKe OrpaHH4eHHH Ha TlepeMeHHbIe COCTOAHHA HW MaplIpyT- 
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Hble NepeMeHuple (2), (3-6). [Ipusexem pemenne stoi BapnayMoHHOu 3aqagH BeEKTOPHO onTuMU- 
3al[MM C MOMOIIbIO MeTOAa WeneBoh KoopaMHaunH [3], orHOcaIUeroca K Kylaccy HepapxH4uecKo- 
KOOpdHHaYHOHHBIX MCTOJOB. 


PeleHve HCXOUHOH 3aqa4H MAHUMU3alMu dyHKUMOHama (8) B COOTBETCTBHU C MeTOJIOM e- 
N€BOM KOOPAMHANHH MOXKET OLITL 3AaMeHEHO PeUICHHeM ABOMCTBEHHOM 3aqa4H MaKCHMH3al[MH 110 
A ysxivonana O(A). JBolictBenHasd 3aa4a onpeyeraeTca cHemyrouluM 06pa30m: 


@(A) = min L(X,U,A), 


L(X,U,A )= 3x7 @)-9, -X(k)+U" (k)-Q,, Uk) + 
k=0 


+A" (k)- [- X(k+i)+A-X(k)+ Bk) U(k) +¥ (kh, (9) 


rye A- BexTop MHOxHTeneH Jlarparoka pasmeppoctu v-N-(N—1), cocrosumit v3 v BeKTOpOB 
A (k); L(x JU, A)- sarparoknan, oOpa30BaHHblii pu BBeyeHHH ycnoBua (7). 
Muoroyposuesblii XapakTep pelieHua 3aa4un MO3BONAeT OOe€CHe4HTh BBIGHCICHMe NarpaH- 


«HaHa L(X,U ,A) A 3aaHHbIX Ha BbIMecToAuemM ypopHe A=A He3aBHCHMO JIA KaKTOrO 
MOMEHTa BpeMeHH, Ollpezelaemoro HHAeKcoMm k. C 3xToH Welbio OpeNesuM raMWJIbTOHHaH 


H(k)= X"(k)-Qy -X(k)+U" (k)-Q, -U(k) +A" (k) [A+ X (k) + Bk) -U(k) +¥(k)]. (10) 


Torgla ¢ ydeToM BbIpaxeHHa (10) ypaBHenue (9) mpHHumaer BUT 


y-~-l v-1 
L(X,U,A)=min Sl) 27 k-)- X@I= Si,(A), 
XU k=0 k=0 


L, (A) = minlH(k) - A? (k-)- X(k) |. (11) 


C lWebio NOUyYeHHA YACIEHHOFO peleHHA 3aagdH HEOOXOAMMO pacCuHTaTb He3aBHCHMO JIpyr 
OT Opyra 3HayeHua pynKkunit Ly ana 3aqaHHErx A= A’ uw 3aTeM MakCHMM3MpoBaTh P(A’) c Kc- 


T1OJIb30BaHHeEM TpawHeHTHBIX Mpouezyp, rye rpayuent pyHKUUH VQ@(A’) mpexcTaByM B Bie 
: ~X"(1)+A-X*(0)+ B(O)-U'(0)+ Y(0) 


V@(A) “ee —~X"(k+D)4A:X (k)+ B(k)-U (kK) + Y(K) : (12) 


~X"(v)+ AX" (v-1I4+ BW-N)-U (-1I)+YO-) 


* * ws 
rye X ,U — pemeHua, nonyaenubie nocie MHHHMH3auHH Ly, MA 3aaHHbIX 3HayeHHit 
* 
AzA. 
3anaya MuHuMu3aunH Ly, B BEIpaxeHun (11) B cooTBeTCTBHH Cc OrpaHMyeHHaAMH (2) u (3-6) 


ABJIAeTCA 3afadeH MapamMeTpHyeckol ONTHMH3AallMH M pellaeTcA MeTOJaMH MaTeMaTHYeCKOrO 
(KBaIpaTH4HOro) mporpaMMupoBaHHaA. 

Takum oOpa30M, pellieHHe ONTHMH3alIMOHHOM 3aja4uH TO MHHMMH3allHH WeneBoro PYHKILKO- 
Hala (8) MoxeT ObITh MpecTaBeHO C TOMOUIbIO CilesLyIolleH IByXypoBHeBOH mpolesypbi. Ha 


HWKHEM YpOBHe IPH 3aqaHHErx A =A’ He3aBHCHMO Apyr OT Apyra MHHMMM3upyIoTca PyHKUKH 


a # + 
Ly, k=0.v—1 B BbIpaxenun (11). Nomyyenuure peutenua X ,U yuacTBytoT Ha BEpXHeM ypoB- 
He B pacueTe rpagveuta (12), KOTOPHIM, B CBOIO O4epeb, IPHMCHACTCA A HAaXO*KUCHHA BeKTOpa 
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A, Makcumu3ypylouero ©. OnraumMym dbyHkMouama J nocTuraerca pu paBeHcTBe HYMIO rpanH- 
enta (12). 

I[pumMep pellieHua MapllipyTHoit 3aa4n, cBa3aHHOi Cc HaxXO7KEHHeM BeKTOpa AHHaMMUeCKHX 
MapIUPYTHBIX MepeMeHHEIx U , IIpOeMOHCTpHpOBal OTHOCHTeNbHYIO IpocToTy u yAobcTBo UCc- 
cHeqOBaHHA TpesNOKeHHOK PyHKUMOHATIBHOK Mogenu. KoMOMHMpOBaHHOCTD pelllenua 3akmI04a- 
€TCA B BO3MOXKHOCTH peallH3allMv B paMKax eQHHOH TIIC oHoBpeMeHHO crpaternii cTarHyeckoii 4 
aanlTHBHOH MapllpyTH3alHH. ITO OCTHIHYTO 3a CYeT BBEACHUA pasrpaHhunBarowlero nopora Hc- 


NOJb30BaHWA TpOnMyCKHBbIX cnoco6HocTeit OTCIBHBIX TDaKTOB wer , TIOSBOJTMBINCTO pa3sHeCcTH BO 


BpeMeHH pacueT CTaTHYeCKHMX HW JMHAMHYCCKHX MaplIpPyTHbIX MepeMeHHBIX. Takum oO6pa3om, 
MpeqNOKeHHaA PYHKIMOHAILHAA MOJellb OPHEHTHPyeT Ha OpraHH3allMIo Mpolecca MaplupyTH3a- 
uuv B TIIC cneyyroummM oOpa3om: yacTh Tpabuka MepesaeTca B COOTBeETCTBHM CO cTaTMYecKol 
TaOmmueH MaplipyTu3aluu, 3alqaBaemol MaTpueli A, paccuHTaHHOM 3apaHee HU coxpaHsAeMoit 
WJIMTebHoe BpeMa” 6e3 H3MCHEHHH, Apyrad 4acTb Harpy3KH NepewaetTca 10 WHHAaMM4eCKH PopMH- 
PYCMBIM MaplUpyTaM, WIA 4ero B Ipollecce PYHKNHOHUPOBAaHHA paCCUHTbIBaIOTCA COOTBETCTBYIO- 
IHe MaplwipyTHble epeMeHHbIe KaK KOMMOHEHTHI BeKTopa U(k). 


CwHTe3HpOBaHHad MOLeb OONanaeT TOWKHOH cTeMeHbIO OOMIHOCTU HM NO3BONAeT HAaXODUThb 
CBOe MIPHMCHEHHE B LIMpOKOM CIlekTpe MpakTHYecKHX NpHoxXeHHH. B mpxMoi MocTaHoBKe ajleKk- 
BaTHOe ONMCaHMe AOCTHTaeTCA B Ciyuae, Kora ceTeBad Harpy3Ka pacnipemenAeTca Kak Mo cTaTuye- 
CKOMY IlaHy, Tak HW N10 THHAMHYECKOMY, YTO BO3MO2XKHO IPH HAIM4HH alipHopHOH HHopMalluu oO 
CTATHCTMYCCKHX XapakTepucTukax BxODHOrO Tpadpuka. T.e. wacTb Harpy3KH, OObeM KOTOpOK mpak- 
THYeCKH HE H3MCHACTCA, MOXKHO MepeslaBaTbh C HCMOMb3OBAHHEM CTaTH4eCKHX MaDpIUpyTHbIX Tab- 
nv. Ocrapiiaica 4acTb Harpy3KH, JHHaMMYHO H3MeHAOMaICA CO BpeMeHeM, MepemaeTca m0 
alanTHBHO paCC4MTaHHbIM MaplupyTaM c y4eTOM JMHaMHKH YCNOBHH PyHKUMOHMpOBaHHA CeTH. 
IIpumMepoM Takol CHTyallM MOET CYKUTb OpraHH3all4A NpOWeccoB MaplupyTH3alHn B rHOpHy- 
HbIX C€TAX, Pe YaCTh Harpy3KH MepesaeTcaA MO MOCTOAHHLIM BUPTyaJIbHbIM COoeqHHeEHMAM (PVC), a 
wacTb 110 TEXHONOPMH KOMMYTHPYyeMBIX BHPTYyaJIbHbIx coesquHeHHH (SVC) [2] wou c nomomtbIO 
qeTarpamM, HalpHMep, B COOTBETCTBHH C IIPHBCACHHBIM BBILLe aIrOpuTMoM. J[pyrHM posBseHH- 
€M TOQ0OHOH CHTyallHH MOET CIIYKHTb HaIM4ne B CETH IIpaKTH4eCKH MOCTOAHHOrO OObeMa CIly- 
*xeOHOH HHDOpMalHH H JHHAMMYHO H3MEHAIOIWeroca TpaPuKa MOb30BaTeeH, KOra MMEeeT 
CMBICJI MCIIONb3OBATb CTATHYECKH BBbITeICHHYIO YaCTb MpOMyCKHOH CHocoOHOCTH TpakTOB Mepeya- 
un Wid O6MeHa chyxKcOHOK HHopMallHeH, a 11 NOM3OBATEMECKHX NPWIOXRKeCHHH MapIpyTEI 1O0- 
BeJCHHA paCCUMTHIBAaTh alanTUBHO. 

HpeqoxenHad MOJeuIb NO3BONIAeT peasH30BaTb TakxKe WH Mpeszeruble cyuan. [pu oTHocH- 
TeIbHO HH3KOM HHTCHCHBHOCTH BXOAHOrO Tpaduka, a TaKKe NPH W3BeECTHBIX eTO CTATHCTHYECKHX 
XapakTepHCTHKaX BO3MOXKHbI CHTyaUHM, KOrya peanM3allua Npowecca alanTHBHOH MaplIpyTH3a- 
WMH OKa3bIBaeTCA HakaqHou, M3ObITOUHOM HW B WeOM Hesd@dexTHBHO. B 3TOM cily4yae Mpomecc 
MaPIUPYTH3allHU MONb3OBaTEJIbCKUX HHPOPMALHOHHEIX MOTOKOB HOCUT MIPeHMYIeCTBEHHO CTaTH- 


YeCKHH XapakTep M NOM €€ HYXK[bI BLINCIALOTCA BCe CeTEBbIe pecypcbl (we =1), u30aBnaa oT He- 


OOXOAMMOCTH pacueta BeKTOpa afalITHBHOH MapurpyTu3auuu (U = 0). B npoTHBHom cryyae, mpx 
BBICOKOM [MHaMMKe BXOJHOTO HHMOpMalHOHHOrO MoToKa 1M60 MpH OTCyTCTBHU allpHopHoit uH- 
(popMalinu 0 HeM HeOOXOQHMBIM byjeT OTKa3 OT CTATHYECKHX pellleHH, MOOWIM30BaB BCe pecyp- 


cbt THC yma peanuszalyuu alanTruBHow crpareruu (wey =0). Mlogo6nni BapnaHT MoxeT ObITE 


IipeycTapyieH Mojenbio (7) c BBeeCHHEM CQMHMYHOM MaTPHUbI cTaTw4ecKoi MapllipyTu3anun — 
A=T [2,4}. 

TakuM o6pa30M, MpeycTaBleHHad PYHKWUMOHAIbHAaA MOJeEb MApIIpPyTH3allMH Ha OCHOBE 3a- 
JIOAKCHHBIX B Hei KOMOMHMpOBAaHHEIX pellenuit oOectieuuBaeT coueTanHe B ceOe MpOcTOTEI cTaTu- 
YeCKOM H BBICOKyIO CTeleHb alallTupyeMOcTH TMHaMMYyecKoH MapLIpyTH3alHH. ITO MO3BOMACT B 
3aBHCHMOCTH OT YpOBHA allpHOpHOM HHPOpMMpOBaHHOCTH O XapakTepe BXOZHOTO Tpaduka, obbe- 
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MOB IlepeyaBaeMol ClyxKeOHOH HHPOPMALHH H T.0. DOJMKHBIM OOpa30M HacTpOUTh NpewIoOKeHHYyI0 
MOJeJIb IyTeM 3aqaHva MaTpul A u U , oOecneyHB TeM CaMbIM YCSIOBUA JA XdeKTHBHOrO pe- 
IW€HMA CTONb BAXKHBIX MapLIPYTHBIX 3a/lay. 
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